Color excesses of classical Cepheids in the uvby color system are estimated for the calibration stars with distances from the literature that are measured independently. Intrinsic photometric indices for these stars are calculated and a calibrated empirical relation between (b − y) 0 , period, [c 1 ], and [m 1 ] is derived through a linear fit. This relation is used to determine color excesses E(b-y) for 59 Cepheids. We also examine the period-color [log P : (b − y) 0 ] relation, and find no signs of nonlinearity. We estimate the effective temperature and surface gravity of several Cepheids using both Kurucz and MARCS/SSG grids for [F e/H]=0.0. We confirm that both temperature and surface gravity are higher, by about 150K and 0.4 respectively, when the MARCS/SSG atmospheric grids are used.
INTRODUCTION
The Cepheid period-luminosity (P-L) relationship is crucial in determining extragalactic distances. Without estimating the reddening caused by interstellar dust we cannot reliably measure the luminosity of Cepheids. This is the reason why so many different methods for determining color excesses of classical Cepheids have been developed (see Kim 2008; Kiss and Szatmary 1998; Fernie 1994, and references therein) .
A variety of observational procedures have been employed for determining color excesses, but each represents one of the two basic approaches: photometric (Kron and Svolopolus 1959) or spectroscopic (Kraft 1961) . Color excesses determined by these two methods show significant discrepancies (Kraft 1961) . Furthermore, even when similar photometric or spectroscopic methods are used, investigators have derived color excess values that differ by a greater degree than would be expected from random observational errors. These aspects drew our attention to the problem of homogeneous determination of Cepheid color excess values using the uvby system.
It is true that at the present time most Cepheid observation employs the BVRIJHK color system, as opposed to the uvby system. However, as an intermediateband system, uvby system has some advantages; in particular, the effects of atmospheric extinction and interstellar reddening are smaller than in a wide-band system like UBVRI. Therefore, more reliable distance estimation of Cepheids can be expected with uvby system.
Moreover, the uvby system has shown advantages in the estimation of fundamental physical parameters of Cepheids; these include effective temperature, surface gravity, and metallicity. In order to understand the physical processes in Cepheids, these parameters should be estimated as accurately as possible. We estimated these parameters using the Kurucz and MARCS/SSG model atmospheric grids for the uvby system.
DETERMINING COLOR EXCESSES FOR THE CALIBRATION STARS
We have recently devised a new method, using the uvby photometric system, to determine the color excesses of fundamental-mode classical Cepheids (see Kim 2008, hereafter K08) . In this method, 50 Cepheids with distance modulus (DM) data compiled by Negeow and Kanbur (2004, hereafter NK) were selected as calibration stars. NK selected only independent distance measurements from open clusters, Barnes-Evans surface brightness method, interferometry, and Hubble Space Telescope astrometry techniques. They did not include the distances from Hipparcos because of the large errors in these data.
For these Cepheids, absolute magnitude (Mv) was determined using the Period-Luminosity-Color (PLC) relation (see Eq. 2), and Av was calculated using DM and Mv for calibration stars. Using the absorption- to-reddening coefficients (Rv) derived by Tammann et al. (2003, hereafter TSR) , E(B-V) was calculated for each Cepheid. This E(B-V) value was converted to E(b-y) using the relation between E(B-V) and E(by). Finally, using these E(b-y) values, a calibrated empirical relationship between (b − y) 0 , period, [c 1 ], and [m 1 ] was derived by a linear fit using the following equation:
With the aid of this relationship, E(b-y) values were determined for all Cepheids for which uvby data were available. Our efforts to collect all the known uvby data for classical Cepheids led to the discovery that the uvby system has rarely been used for observations of individual Cepheids. Specifically, the uvby system was used primarily by three investigators for long-term surveys of a large number of Cepheids. Feltz and McNamara (1980, hereafter FM) , Eggen (1983 and 1985, both hereafter EG) , and Arellano Ferro et al. (1998, hereafter AF) published uvby data for 41, 65, and 138 Cepheids, respectively.
Although EG had the largest number of observations for each Cepheid, the AF data were of higher quality owing to the use of a six-channel photometric instrument. However, the number of observations performed by AF for each Cepheid was small except in several cases. Although K08 adopted the data from EG for their investigation, we did not include EG since the Stromgren and Eggen uvby systems are not identical (Eggen 1982) ; in particular, the y filter's width is different. Among NK's 50 Cepheids, uvby data were available for 16 in the observations made by FM and AF.
We attempted to estimate E(b-y) for Cepheids using the method devised by K08 but with a different E(B-V) data source. Fernie (1994) and Fernie, et al.(1995) compiled the color excesses for 505 Cepheids constituting the largest body of E(B-V) values. Later, TSR corrected a systematic scale error in this source, and K08 used these E(B-V) data to derive an empirical relation presented in Eq. (1) through a linear fit. In this paper, we adopted another E(B-V) data source compiled by Kim and Yushchenko (2005, hereafter KY) . They collected the color excesses of 323 fundamental-mode Cepheids from the literature and transformed them to yield a single homogeneous system. Fernie (1994 Fernie ( , 1995 argued that his results can be compared to those determined through multi-color observations, and that these results were similar to those obtained for cluster Cepheids. However, his main purpose was to include many faint Cepheids observed with the BV photometric system, which is in much wider use than other systems. Although Fernies method increased the number of Cepheids whose color excess E(B-V) could be determined, this method can only be applied to the BV system, excluding color excess values determined with other photometric systems since the mid-1990's.
KY tried to re-derive the intrinsic colors of individual Cepheids by adopting the McNamara (1976, 1980, unpublished, hereafter FM) color excess values, and compiled into a single list for all color excess values currently available in the literature. KY reported that their reddening values are somewhat smaller than those of TSR (see Fig. 2 in KY). Table  1 presents the results of analysis for Cepheids used for calibration. In this table, log P, < V >, E(B − V ) KY were from KY, but DM was from NK. The absolute magnitude (Mv) was calculated via the PLC relation below, which was derived by KY using NKs distance modulus and TSRs (B − V ) 0 values. Because the intrinsic scatter of a PLC relationship in the UBV system is smaller than that of a PL relationship, a PLC relationship was used for the determination of Mv, as follows:
The absorption-to-reddening coefficients (R v ) for individual Cepheids from TSR were used.
DETERMINING COLOR EXCESSES FOR THE CEPHEIDS
In Table 1 , E(B−V ) C is the result of the calculation, and ∆E(B-V) is the difference between E(B − V ) KY and E(B − C) C . In Fig. 1 , E(B − V ) KY was compared 
.78 E(B-V) due to Bell and Parsons (1974) for the first iteration. For the second iteration, we derived equation (4) with σ=0.030 below, and adopted the resulting values as the standard reddening values in the following procedure. Ferro, and Mantegazza (1996) . We assumed that the intrinsic linear relation between (b − y) 0 and the pulsating and photometric indices log P, [m 1 ], and [c 1 ] presented in Eq.
(1) exists.
The four constants in this relationship were determined using a total of 536 observations corresponding to all different phases through a least-squares fit. Bad observations, i.e., those which differed significantly from the overall light curve pattern, were excluded and a least-squares fit was performed. Then the residual for each observation was determined, and each observation with σ > 0.05 was discarded for the second run to increase the accuracy. For 340 observations, a second linear fit process was followed, and the derived equation with four constants and with σ=7.592 × 10 Table 1 were compared with those obtained by using Eq. (6) for calibration Cepheids
In the above equation, the σ values are remarkably small, which we believe this reflects the reliability of our E(b-y) values for the calibration Cepheids. Our value of 7.592 × 10 −4 , compared with 2.136 × 10 −3 in KY, shows that the use of the linear fit resulted in significant improvement in a linear-fit. Table 2 are averaged over N in the table. S is the source of the observations. When data from both investigators were available for the same Cepheids, first priority was given to FM. Fig. 2 shows a plot of the E(b−y) c values from Table 1 versus the E(b − y) 3 values determined using Eq. (5) for calibration Cepheids; no systematic difference is apparent.
In Fig. 3 , in order to derive the conversion relation between E(b-y) and E(B-V), we compared our E(b − y) 3 values in Table 3 with the data of TSR. The scattering is large for the seven outliers (indicated with crosses), but no systematic difference between the two methods is apparent. The result of a least-squares fit for 59 Cepheids with σ=0.030 is presented in Eq. (6); this equation was used to convert E(B − V ) C to E(b − y) C for the calibration Cepheids. The solid line in Fig. 3 indicates the result of the linear leastsquares fit from Eq. (6). The slope in the above relation is different from that determined by Bell and Parsons (1974) , namely E(b-y)=0.78E(B-V). Seven outliers corresponding to WZ Pup, WX Pup, AA Gem, X Pup, RZ CMa, TX Mon, and VZ Cyg were not included in the linear fit. 
PERIOD-COLOR RELATION
Nonlinear Period-Luminosity (PL) and Period-Color (PC) relations for classical Cepheids have been found, in LMC Cepheids in the optical band, but Ngeow and Kanbur (2006) argued that the LMC PL relation in the K band is apparently linear. Moreover, for Galaxy and LMC Cepheids, it has been unclear whether the PC relationship for (B-V) and (V-I) color indices is linear or nonlinear. Thus the investigation of the linearity of PC and PL relations in different passbands for Cepheids in different galaxies is a subject of considerable interest.
We attempted to derive the PC relationship for (by) color indices; Fig. 4 gives a plot of period versus (b− y) 0 . Due to scattering, any nonlinearity is essentially negligible, and we derived the PC relation given in Eq. 
+ 0.317(0.021) log P from K08. The errors for the slope and constant are smaller in our result, but sigma value of 0.032 is same for both cases. In both cases, non-linearity can be hardly confirmed.
ATMOSPHERIC PARAMETERS
Because reliable photometric indices of (b − y) 0 and [c 1 ] were determined using our new color excess values, we attempted to estimate the effective temperature (Te) and surface gravity (log g).
New grids of theoretical color indices for the uvby photometric system were derived by Clem et al. (2004) using MARCS model atmospheres and SSG codes (Bell, Paltoglu, and Tripicco 1994) . Their results represent a considerable improvement over currently available color-Te relations for the Stromgren photometric system, and have led in turn to important refinements in the understanding of stars and stellar populations.
Given that the photometric estimation of Te and log g for evolved stars like Cepehids is difficult, we would like to point out that our main purpose is not the determination of accurate Te and log g values for supergiants. Because the MARCS/SSG model is not in wide use, we tried to determine Te and log g using this model for eight Cepheids with different period for [F e/H]=0.0, and to compare the results with those determined by the Kurucz model (Lester et al. 1986) .
These results are presented in Table 3 . For long period Cepheids, i.e., those with P > 10 days, (b − y) 0 values were outside the range of Kurucz grids. Thus only Cepheids with P < 10 days are included in Table  3 . In Fig. 5 the differences of Te and log g appear to be unrelated to period, but we can see that both the Te and log g values from the MARCS/SSG model (about 193K and 0.48 respectively) are higher than those from the Kurucz model.
CONCLUSION
We attempted to determine reliable values for the color excess of fundamental mode classical Cepheids, in order to investigate linear or nonlinear period-color relations in the uvby photometric system. By adopting the DM and PLC relation with light curve parameters taken from the literature, we derived an intrinsic relationship between (b − y) 0 and period, amplitude, [c 1 ], and [m 1 ]. In this relationship, the period term is related to the effect of pulsation, while [c 1 ] and [m 1 ] reflect the photometric characteristics of Cepheids as pulsating variables. We then investigated the PC relation and estimated Te and log g using the Kurucz and MARCS/SSG grids.
Due to high levels of scattering in the data points, we were unable to confirm any nonlinearity in the PC relationship. It is true that nonlinearity is not supported by any observational results, but this does not guarantee non-linearity. Even though non-linerity exists, there is a possibility that inaccurate colors caused by uncertain color excess values can make detection of this impossible.
It seems that, even using the majority of color excess values for different bands obtained from a basic database through a certain calibration process, insufficient evidence was available to test for linearity. Inaccurate mean colors, conversion relations between different color systems, absorption-to-reddening coefficients, etc., provide other sources of significant scattering in the PC relationships. To confirm nonlinearity, we may have to wait for the elimination of these sources of uncertainty in the estimation of un-reddened colors.
On the other hand, it was confirmed that Te and log g are different for the different atmospheric grid models developed by Kurucz and MARCS/SSG. The differences of about 200K and 0.5 in Te and log g, respectively are nonnegligible. At the time of this writing, it is uncertain whether this phenomenon occurs only in Cepheids. In any case, it is beyond the scope of this paper to investigate the reasons underlying these differences.
Since reliable values for Te and log g are essential in the study of stellar evolution, the fact that different grids devised by different people produce different results for same atmospheric parameter values may be problematic. Hence it is crucial to investigate the causes underlying the different results obtained with different grids for normal stars, variable stars, and cluster stars separately. Otherwise, researchers will be forced to use a single model.
